We found previously that the ingestion of margarine containing medium-chain triacylglycerols (MCT) resulted in a significant increase in postprandial thermogenesis when compared with long-chain triacylglycerols (LCT). Diets that included margarine containing MCT and LCT were compared for 12 weeks in 73 subjects to investigate the effects on body weight, body fat, areas of subcutaneous and visceral fat, serum total cholesterols, triglycerides, lipoproteins, plasma glucose, serum insulin, total ketone bodies, and the activities of aspartate aminotransferase, alanine aminotransferase, and γ-glutamyltranspeptidase. We conducted a double-blind, controlled study and used blended rapeseed oil and soybean oil (LCT) as a comparison. Two groups ingested 2,100-2,400 kcal/day of energy, 65-73 g/day of total fat, and 14 g/day of test margarine (5 g/day of MCT or LCT). The subjects on the MCT diet demonstrated significant decreases in body fat weight (-3.8 ± 2.4 kg vs -2.4 ± 1.7 kg; MCT vs LCT, mean ± SD), subcutaneous fat (-38.2 ± 29.9 cm 2 vs -22.6 ± 19.3 cm 2 ), and visceral fat (-12.2 ± 11.2 cm 2 vs -1.6 ± 12.8 cm 2 ) after 12 weeks. There were no clinical differences in measured blood parameters. We suggest that the postprandial increase in thermogenesis and control of postprandial triglyceride levels may explain these results. J Atheroscler Thromb, 2003; 10: 290-298.
Introduction
Obesity is defined as a state of excessive fat deposition in the body. The importance of obesity as a risk factor for hyperlipidemia, type 2 diabetes, and hypertension is well recognized (1) (2) (3) . Also, visceral fat accumulation is a well-known risk factor for cardiovascular disease (4) (5) (6) . Restriction of lipid intake is an efficient strategy for preventing weight gain/fat deposition (7) . However, it is important to improve the quality as well as the amount of lipid intake, for weight and fat reduction.
Medium-chain triacylglycerols (MCT), consisting of C8 and C10 fatty acids, are metabolized differently from common fats and oils (8, 9) . MCT are hydrolyzed more rapidly and metabolized more completely than long-chain triacylglycerols (LCT) so that rapid oxidation leads to no deposition of fat (8) (9) (10) . For these reasons, MCT could be useful in dietary therapy. Animal studies showing the effects of MCT on body weight reduction are well known. A study using overweight rats found that MCT-fed rats showed a slight decrease of body weight but a great reduction in the size of adipose tissue depots (11) . Another study using rats showed that feeding MCT resulted in effective suppression of body fat accumulation compared to feeding LCT (12) . However, there are few studies showing a positive effect of MCT intake on body composition in humans. One recent human study indicated that an intake of 10 g of MCT suppressed body fat accumulation efficiently, compared with an equal intake of LCT (13) .
Regarding the mechanism by which MCT intake results in lower fat deposition, several studies have found that postprandial thermogenesis was significantly greater in subjects after an intake of MCT than in those who had ingested LCT (14) (15) (16) . We also showed that an intake of 5 g or 10 g of MCT resulted in a significant increase in postprandial thermogenesis when compared with LCT ingestion (17) . Therefore, the ingestion of only 5 g of MCT may suppress fat deposition. On the other hand, since the usage of MCT in everyday life has the problem of lower smoke point at fry-up, it is important to determine if less MCT intake suppresses body fat accumulation.
In the present study, we compared the effects of ingesting a prepared margarine containing 5 g of MCT with one containing an equal amount of LCT (vegetable oil; blended rapeseed oil and soybean oil), and investigated the changes in body fat, subcutaneous fat, and visceral fat in humans for 12 weeks. We set the margarine intake at 14 g, and MCT ingestion at 5 g. The total energy and fat intakes were 2,100-2,400 kcal and 65-73 g/day, on the basis of the 6th Recommended Dietary Allowance for the Japanese (18).
Materials and Methods

Subjects
The present study was carried out in accordance with the Helsinki Declaration of 1964, as revised in 2000, and was approved by the Ethics Committee of Ochanomizu University. The study subjects were 73 Japanese men (n = 55) and women (n = 18) aged 19-58 years. Informed consent was obtained from each subject. Before starting the experiment, the height, body weight, percentage body fat, and fasting blood chemistry were measured for each subject. Ranges of the concentrations of plasma glucose, serum cholesterol and triglycerides were 71-133 mg/dl, 116-363 mg/dl and 24-266 mg/dl, respectively. The study subjects included those with nonobese diabetes, hyperlipidemia and obesity. However, they were neither outpatients nor medicated patients, by questionnaire survey. The meals taken by the study subjects were investigated using a 3-d weighed food record. We asked each subject about their activity level, alcohol consumption and allergies to particular foods. The activity levels of the subjects were categorized according to the 6th Recommended Dietary Allowance for the Japanese (18) as, 1 (very light), 2 (light), and 3 (moderate) with 11, 50, and 12 subjects per category, respectively. The characteristics of the 73 subjects before the study are shown in Table 1 .
Test diet
MCT were purchased commercially (Nisshin Oillio, Tokyo, Japan). Common cooking oil containing blended rapeseed oil and soybean oil (Nisshin Oillio) supplied the LCT. Test margarines containing LCT or MCT (14 g margarine containing 5 g test oil) were prepared. The fatty acid compositions of the test margarines are given in Table 2 .
Protocol and diet regimen
A double-blind, controlled study was carried out. Seventy-three subjects were divided into two groups and assigned to one of the diet groups so that the measured values before the experiment were almost equal. The subjects were asked to consume 2,100-2,400 kcal/day energy including 65-73 g/day total fat (27.9-31.3 energy percent), and to keep their physical activity at a fixed level during the 12-week experiment.
Before starting the study, all subjects were given thorough instructions in dietary regulation. The test margarine was to be consumed every day as a staple food at breakfast with bread. For lunch and dinner, the subjects were asked to consume a variety of packaged meals that contained almost equivalent nutritional value every day for 12 weeks. The mean energy contents of the pack- aged meals were about 720 kcal for lunch and 680 kcal for dinner. The mean total fat contents of the packaged meals were about 21 g for lunch and 19 g for dinner. The subjects were asked to consume 150 g/day of fruit, 100 g/day of vegetables (total of about 130 kcal/day) and a chicken egg, and to consume side dishes or snacks containing 100-400 kcal and 0-8 g fat every day. When the subjects were unable to consume the packaged meals for specific reasons, they were asked to eat meals from a restaurant or fast-food outlet that had almost equivalent nutritional value. If the subjects were unable to consume these alternative foods because of personal circumstances, individual directions were given in advance. The subjects were asked to restrict their intake of alcoholic beverages to less than or equal to 25 ml of ethanol equivalent per day. The subjects were asked to fill out a daily special record form in order to record the consumption of packaged meals, fruit, vegetables, egg, snacks, and beverages during the experiment. The special record form was collected weekly to confirm their dietary intakes and, if necessary, the subject was instructed immediately to adhere more strictly to the dietary regimen. Daily intakes of energy, fat, protein, carbohydrate, cholesterol, and medium-chain fatty acids (MCFA; caprylic and capric acid) were calculated from the daily special record form by the dietitian on the basis of the 5th Revision of the Standard Tables of Food Composition in Japan (19) .
Height, body weight, waist and hip circumferences
Height was measured to the nearest 0.1 cm and body weight to the nearest 0.1 kg. Waist and hip circumferences were measured at the level of the umbilicus and at the greatest circumference level of the hips, to the nearest 0.1 cm. Anthropometric and body weight measurements were performed in the morning after an overnight fast, before, and after 4, 8 and 12 weeks of the experiment.
Body composition
An MAB-1000 body densitometer (Nihon Kohden, Tokyo, Japan) was used to measure body composition by the air-displacement method. The measurement was performed in the morning after an overnight fast, before, and after 4, 8 and 12 weeks of the experiment (20) . We calculated body fat weight from the body weight and body fat measurements.
Subcutaneous and visceral fat areas
Computed tomography (CT) scanning (Pro Seed, GE Yokogawa Medical Systems, Tokyo, Japan) was used to measure subcutaneous and visceral fat areas. The subcutaneous and visceral fat areas were determined from the CT images at the umbilical level by the method of Tokunaga et al. (21) . The measurement was performed before, and after 4, 8 and 12 weeks of the experiment.
Blood chemistry
Blood samples were taken in the morning after an overnight fast, before, and after 4, 8 and 12 weeks of the experiment. Serum insulin concentrations were measured on an ARC950 system (Aloka, Tokyo, Japan) by radioimmunoassay. The concentrations of serum ketone bodies and plasma glucose were assayed on a JCA-BM12 automated system (JEOL) by enzymatic methods. Serum cholesterol and triglyceride concentrations, which were very-low-density lipoprotein (VLDL), low-density lipoprotein (LDL), and high-density lipoprotein (HDL), were assayed by agarose-gel electrophoresis (REP; Rapid Electrophoresis System, Helena Laboratories, Saitama, Japan) (22) . Other assays of blood samples were done on a 7170 automated system (Hitachi, Tokyo, Japan).
Statistical methods
The data are expressed as mean values ± standard deviation. Differences in the values, change values, and change rates of the measurements (food intake, body weight, waist and hip circumferences, body composition, subcutaneous and visceral fat areas, and fasting blood chemistry) between the MCT and the LCT diets were compared using a repeated-measures analysis of variance (ANOVA). Interaction of diet × period was included in the model as a fixed effect. When significant 
Results
There were two dropouts during the experiment, because of hospitalization for inflammatory disease that was not related to the present study (1 subject) and for not being available for measurements at 12 weeks for private reasons (1 subject). Also, seven subjects were excluded because of violations of the dietary regulation protocol (e.g. shortage of target energy or fat intake) (6 subjects) and an increase in activity level from 3 to 4 (heavy) (1 subject). Consequently, the statistical analyses were conducted on 64 subjects. No significant differences were found in the measurement values before the experiment between the MCT (n = 33) and LCT (n = 31) groups.
Nutrient intake
No significant differences were found in the intakes of energy, fat, protein, carbohydrate, cholesterol and alcohol between the MCT and LCT diets over the 12-week period. With respect to the ingestion of the test diets, MCFA intake was significantly greater with the MCT diet than with the LCT diet. Antithetically, the intakes of saturated, monounsaturated, n-6 polyunsaturated, and n-3 polyunsaturated fatty acids were significantly less in the MCT diet than in the LCT diet (Table 3) .
Height, body weight, waist and hip circumferences
The means of body weight, body mass index, and waist and hip circumferences for both diets decreased throughout the experimental period. Significant decreases for the MCT diet were found in the change values of body weight, body mass index (BMI), and waist-to-hip ratio (WHR) after 12 weeks, compared to the LCT diet. There were also significant decreases in the change values of waist circumference for the MCT diet after 8 and 12 weeks (Table 4) .
Body composition
The means of body fat rate and body fat weight for the two diets were lower throughout the experimental period. An intake of 5 g of MCT resulted in significant decreases in the change values of body fat rate and body fat weight after 4, 8, and 12 weeks, compared to the same intake of LCT (Table 5 ).
Subcutaneous and visceral fat areas
The means of subcutaneous and visceral fat areas for the two diets were lower through the experimental period. The changes in the areas of subcutaneous, visceral and total fat (subcutaneous plus visceral fat areas) for the MCT diet were significantly less than those for the LCT diet after 8 and 12 weeks (Table 5 ).
Blood chemistry
Except for the means of concentrations of serum total ketone bodies and insulin, the means of blood measurement values for the two diets were lower throughout the experimental period. There were no significant differences in concentrations of serum cholesterol and triglycerides between the subjects on MCT and LCT diets. Regarding lipoprotein, there were significant decreases in the changes in VLDL cholesterol values after 12 weeks and those in HDL cholesterol after 8 weeks for the MCT diet compared with the LCT diet (Table 6 ). No significant differences were found between the diets in the changes in serum aspartate aminotransferase, alanine aminotransferase, and γ-glutamyltranspeptidase concentrations (Table 7) . Also, there were no significant differences between the diets with respect to plasma glucose, serum insulin, and levels of total ketone bodies (Fig. 1) . 6.9 ± 6.9 5.7 ± 6.9
1 Mean ± SD, n = 31 (Long-chain triacylglycerols) and n = 33 (Medium-chain triacylglycerols). 2 Medium-chain fatty acids excluded. * Significantly different between the groups, p < 0.05 (Student's t-test).
Discussion
The aim of the present study was to investigate the effects on body fat composition after ingestion of margarine containing 5 g of MCT. We first observed a significant decrease in visceral fat area in all the subjects included those with BMI ≥ 23 kg/m 2 after ingestion of 5 g of MCT, compared with LCT ingestion. Also, we observed significant decreases in body weight, body fat weight, and subcutaneous fat area after ingestion of MCT compared with LCT. Previously, Krotkiewski conducted a very-low-calorie diet (578.5 kcal/day) with LCT or MCT (8.0 and 9.9 g) in 66 obese women with BMI ≥ 30 kg/m 2 . He concluded that replacement of LCT by MCT in the very-low-calorie diet suppressed body fat accumulation (23) . However, the effect on visceral fat was not investigated in his study. Also, Tsuji et al. indicated that MCT suppressed body fat accumulation in the subjects with BMI ≥ 23 kg/m 2 and visceral fat accumulation in the subjects with BMI < 23 kg/m 2 (13) . In their study, 10 g/day of MCT or LCT were given to 78 healthy subjects for 12 weeks, and the subjects were asked to consume approximately 2,200 kcal/day and 60 g/day of total fat. In the present study, similar effects on body composition were obtained with one-half of the MCT intake (5 g instead of 10 g) compared with two previous studies. On the other hand, we reported previously that the postprandial triglyceride level in the subjects with BMI ≥ 23 kg/m 2 after ingestion of 10 g of MCT was significantly less than LCTs (24) . Many investigators indicated that visceral fat accumulation was associated with dyslipidemia and atherosclerosis (4-6). Since MCT ingestion hardly increases postprandial triglyceride level, and suppresses body fat and visceral fat accumulation, we consider MCT as a useful food for the prevention of lifestyle-related diseases in humans.
However, Hill et al. showed that overfeeding (150% of estimated energy requirements) with 40% of energy as MCT or LCT resulted in no significant difference in body weight (25) . Also, Yost and Eckel conducted a study of the effect of an 800-kcal diet containing 24% of calories as MCT. They reported that MCT intake did not lead to greater weight loss than an isocaloric diet containing LCT (26) . The reasons that the results of their study were not efficient regarding body weight could be the balance between test oil and total energy, and that between test oil 0.895 ± 0.065 -0.013 ± 0.015* -1.5 ± 1.6* 0.878 ± 0.069 -0.026 ± 0.020* † -2.9 ± 2.3* † 1 Mean ± SD; n = 31 (long-chain triacylglycerols diet) or 33 (medium-chain triacylglycerols diet); 2 4, 8, and 12-week value minus the initial (before) value; 3 Change rate against the initial (before) value; 4 Waist-to-hip circumference ratio. * Significantly differenµt from the initial (before) value (Tukey's multiple comparisons), p < 0.05; † Significantly different from long-chain triacylglycerols diet, p < 0.05 (Student's t-test). and total fat. In their studies, the rates of MCT consumption to energy intake were 40% and 24%. Also, the rate of MCT consumption to total fat intake was > 90% in the two studies. In the present study, the former was approximately 2 % and the latter was approximately 7%. From these results, we concluded that ingestion of excessive MCT might fail for weight loss whereas MCT intake was effective for body weight reduction. In an animal study, Geelen et al. indicated that MCT-fed rats had significantly higher activities of the hepatic lipogenic enzymes and high plasma triglyceride concentrations (27) . Also, Cater et al. reported that ingestion of large amounts of MCT increased plasma VLDL in the subject with BMI 27 kg/m 2 (28) . We observed a significant suppression of body fat accumulation by MCT intake. However, MCT had an adverse effect on body fat reduction when ingested excessively.
Scalfi et al., Hill et al., and Seaton et al. reported that ingestion of an MCT test meal resulted in a significantly higher thermogenic response than with an LCT meal (15) (16) (17) . We also showed that intakes of 10 g of MCT or MCT/ LCT (1:1) resulted a significant increase in postprandial thermogenesis compared with the ingestion of an equal amount of LCT (18) . With regard to the mechanism of thermogenesis, several studies have shown that MCTfed rats had higher oxygen consumption than LCT-fed rats after the administration of norepinephrine or the sympathetic activation of brown adipose tissue (29) (30) (31) . In substance, the reasons for lower fat deposition with MCT intake did not become completely clear. However, from these results, MCT appear to have a different metabolism from LCT and the difference could promote the control of body fat accumulation.
Regarding the effects of hepatic enzymes, plasma glucose, serum insulin, and total ketone bodies, we found that these values did not differ significantly among subjects on the MCT diet and those on the LCT diet. Ball found that an emulsion containing 50 g/day of MCT had no adverse effects on hematological and biochemical indices or the results of liver function tests (32) . Also, we previously reported that an intake of 40 g of MCT did not affect liver function or lipid and glucose metabolism, and did not change the accumulation of lipid in the liver (33). 12.1 ± 3.9 0.1 ± 3.6 10.8 ± 3.5 -1.3 ± 3.0 8 12.6 ± 3.7 0.6 ± 3.5 11.9 ± 3.9 -0.2 ± 4.2 12 12.5 ± 3.6 0.5 ± 3.7 12.3 ± 5.1 0.3 ± 3.4
In conclusion, our results suggest that the intake of margarine containing 5 g of MCT significantly suppressed body fat, subcutaneous fat and visceral fat accumulation compared with comparable LCT intakes, when the subjects consumed a strictly controlled diet. Also, we suggest that the mechanism responsible for suppressing fat deposition could be the postprandial increase in thermogenesis and control of the postprandial triglyceride level by MCT intake. 
